f i n a n c i a l support f o r t h a t e f f o r t .
The d a t a f o r t h e 5682 water i n j e c t i o n tests are included i n t h i s r e p o r t as microfiche copy i n a pocket i n s i d e t h e back cover.
Tests were s e l e c t e d from borings a t a s i t e t o r e p r e s e n t a reasonably homogeneous rock type i n each d a t a -s e t , e.g., g r a n i t e w a s s e p a r a t e d from g n e i s s , d i a b a s e from gabbro, etc. With t h e e x c e p t i o n of s i t e s p e r s o n a l l y known t o t h e writer, no f i e l d i n s p e c t i o n nor study of r e p o r t s o r l i t e r a t u r e were made f o r d i s c r i m i n a t o r y purposes.
I n most cases t h e o r i g i n a l l o g s as w e l l a s supporti n g maps and r e p o r t s may be o b t a i n e d a t o f f i c e s of t h e c o n t r i b u t i n g agencies.
I n some cases t h e r e are f r a c t u r e d a t a on record such as o r i e n t a t i o n s , s p a c i n g s , f i l l i n g s , ' e t c . ; i n o t h e r cases f i e l d s t u d y would be r e q u i r e d , b u t t h e s e would be hampered by t h e f a c t t h a t o u t c r o p s are covered i n t h e course of c o n s t r u c t i o n and landscaping.
T h i r t y -t h r e e of t h e d a t a sets r e p r e s e n t damsites and e i g h t , t u n n e l s . I n e a c h t h e tests were conducted i n v e r t i c a l o r i n c l i n e d (downward only) d r i l l h o l e s of small diameter. The d a t a have been e x t r a c t e d from t h e l o g s of g r o u t h o l e s and e x p l o r a t i o n d r i l l h o l e s , most of which followed t h e form d e s c r i b e d i n t h e E a r t h Manual (U. S. Bur. of Reclamation, 1963, p. 1 6 1 ) . Water t e s t s are recorded i n terms of d i s c h a r g e and p r e s s u r e t o g e t h e r w i t h n e c e s s a r y i n f o rmation such as t h e p o s i t i o n of t h e s t a t i c water l e v e l , t h e rock t y p e , f r a c t u ri n g and t h e d e p t h of overburden, t h e h o l e s i z e and i n c l i n a t i o n , and t h e packer
l o c a t i o n s . For e a c h t e s t p r e s e n t e d as a l i n e of record i n t h i s r e p o r t (microf i c h e e n c l o s e d ) , t h e f o l l o w i n g items are l a b e l e d :
1.
ANGLE, t h e i n c l i n a t i o n of t h e d r i l l h o l e ( d e g r e e s ) from t h e h o r i -
z o n t a l . Most are v e r t i c a l , i.e., 90.0;
TOP, t h e i n c l i n e d d e p t h ( f e e t ) t o t h e t o p of t h e t e s t s e c t i o n , t h e upper of two packers set t o i s o l a t e t h e l e n g t h of h o l e t e s t e d ;
3. BOTTOM, t h e i n c l i n e d d e p t h ( f e e t ) t o t h e bottom of t h e t e s t s e c t i o n , which may be t h e lower of two packers i n some cases, o r t h e bottom of t h e open h o l e i n o t h e r s .
For p e r m e a b i l i t y computation, t h e l e n g t h of h o l e between packers through which water d i s c h a r g e s t o t h e formation, i s BOTTOM-TOP.
I n some procedures packers a t f i x e d spacing are moved as a p a i r , b o t h measures changing by t h e same amount between tests. I n o t h e r procedures, a s i n g l e packer i s moved a r e g u l a r inc l i n e d d i s t a n c e r e l a t i v e t o t h e bottom of t h e hole. Provided t h a t p r e s s u r e s are a p p l i e d uniformly among tests i n a h o l e , t h e incremental d i s c h a r g e through a n i n t e r v a l of h o l e bounded by s u c c e s s i v e upper packer p o s i t i o n s i s t h e d i ff e r e n c e between d i s c h a r g e s f o r t h o s e two tests. Since h o l e numbers have n o t been recorded, t h e i d e n t i t y of t h e h o l e must be e s t a b l i s h e d by n o t i n g progress i v e movement, c o n s i s t e n t BOTTOM, ANGLE, WT/DEP o r OB/DEP. Simple computer programs have been w r i t t e n f o r such d a t a handling. e x p l o r a t i o n h o l e s deeper t h a n 600 f t , and economy u s u a l l y l i m i t s t u n n e l explora t i o n s t o similar depths. Thus t h e d a t a r e l a t e p r i m a r i l y t o shallow bedrock, l a r g e l y 300 f t o r less, below s u r f a c e . A cut-off of t e s t i n g a t d e p t h i s 
.
WT/DEP, t h e i n c l i n e d depth ( f e e t ) t o t h e water t a b l e , as observed ( a t some time) i n t h e hole.
I n i d e a l logging procedures, t h e o b s e r v a t i o n i s made days a f t e r t h e d r i l l i n g has been completed o r a t t h e start of water t e s t i n g , s o t h a t a r e a s o n a b l e approach t o e q u i l i b r i u m i s made. It i s b e l i e v e d t h a t most of t h e d a t a were c o l l e c t e d i n a c o n s c i e n t i o u s manner; about 80% of them were done i n accordance w i t h i n s t r u c t i o n s i n t h e E a r t h Manual, T e s t Designation E-18, which r e s u l t e d 5. DISCH, t h e d i s c h a r g e ( g a l l o n s p e r minute) i s t h e flow rate I recorded a t t h e s u r f a c e during i n j e c t i o n t e s t i n g , presumed t o be t h e rate of flow between packers i n t o t h e formation.
Rates have g e n e r a l l y n o t been determined p r e c i s e l y because low flow rates are less s i g n i f i c a n t f o r dam f o u n d a t i o n e n g i n e e r i n g t h a n are h i g h flow rates. Usually, a diaphragm-type i n t eg r a t i n g water meter i s used a t t h e beginning and end of a 5-10 minute pseudos t e a d y pumping period. I n cases of extreme d i s c h a r g e , rates are measured w i t h a n o r i f i c e o r v e n t u r i -t y p e meter and i n rare cases of v a n i s h i n g rate, by measu r i n g t h e f a l l of l e v e l s i n a water-supply v e s s e l such as a 55-gallon drum.
Because d r i l l h o l e s are seldom l o c a t e d o r o r i e n t e d a t random, b u t r a t h e r are planned t o i n t e r c e p t prominent weaknesses o r water c o n d u i t s such as f a u l t s , t h e d a t a c o n t a i n a n i n e v i t a b l e b i a s towards t h e h i g h e r values.
Because meas- With t h e crude d e v i c e s o f t e n employed, t h e p r a c t i c a l minimum a p e r t u r e of a f r a c t u r e t h a t w i l l r e g i s t e r measureable flow i s about 35 microns.
t h e r e i s seldom a s s u r a n c e t h a t packer leakage h a s been e l i m i n a t e d , s o f r a ct i o n a l d i s c h a r g e s may sometimes r e p r e s e n t n u l l flow i n t o t h e formation. No i n f o r m a t i o n on packer type o r p r e s s u r e h a s been noted.
Furthermore,
The a c t u a l c o n d i t i o n s of unsteady, c o n s t a n t -p r e s s u r e t e s t i n g are n o t preserved on l o g s o r i n t h e d a t a . The conventional b a s i s of assumed s t e a d y -s t a t e packer i n j e c t i o n t e s t i n g and a n a l y s i s h a s been summarized by Snow (1966) .
Tests are g e n e r a l l y prolonged s u f f i c i e n t l y t o be asymptotic t o a s t e a d y s t a t e u n l e s s very low p e r m e a b i l i t y p r e v a i l s .
b i l i t y must remain f o r d i s c h a r g e s below 1 gpm.
c h a r g e s , e s p e c i a l l y a f t e r n o r m a l i z a t i o n t o some s t a
n d a r d c o n d i t i o n s , h a s demons t r a t e d t h a t as a s t a t i s t i c , d i s c h a r g e o r p e r m e a b i l i t y i s h i g h l y skewed towards t h e s m a l l values. This a t t r i b u t e , a l o n g w i t h t h e observed frequency of z e r o d i s c h a r g e s , has been used t o estimate i n s i t u f r a c t u r e s p a c i n g and t h e r e b y average a p e r t u r e s and p o r o s i t i e s c o n s i s t e n t w i t h t h e p e r m e a b i l i t i e s (Snow, 1968a).
Thus some u n c e r t a i n t y of permeaAnalysis of p r e s s u r e -t e s t d i s -I n t h e s e i n t e r p r e t a t i o n s i t h a s been assumed t h a t resistive g r a n u l a r f i l l i n g materials are a b s e n t and t h a t v e l o c i t i e s are s o low t h a t roughness does n o t g r o s s l y i n v a l i d a t e t h e assumption of a p a r a l l e l -p l a t e analogue i n computat i o n of an e q u i v a l e n t aperture. Assuming t h a t a lognormal d i s t r i b u t i o n approp r i a t e l y r e p r e s e n t s f r a c t u r e a p e r t u r e s a t depth as w e l l as t h e o u t c r o p (Bianchi and Snow, 1969) Snow, 1969b) . Discharge measures are r a r e l y d i s t o r t e d by t u r b u l e n t l o s s e s i n f r a c t u r e s .
, i t i s p o s s i b l e t o compute two parameters t h a t d e s c r i b e lognormal d i s t r i b u t i o n s of f r a c t u r e a p e r t u r e s from each given set of i n j e c t i o n t e s t d a t a (
number Using t h e c r i t e r i o n of Baker (1955) , w i t h t h e c r i t i c a l Reynolds R = Q/arv = 6000; Q/r = 247 cm2/sec, 5532 of t h e t e s t s were examined (Snow, 1969a) 
. Since t h e p r e c i s e number of f r a c t u r e s c o n t r i b u t i n g t o each t e s t i s unknown, t h e d i s c h a r g e p e r f r a c t u r e w a s e s t i m a t e d by d i v i d i n g t h e d i s c h a r g e p e r test by t h e average number of f r a c t u r e s
p e r t e s t i n t e r v a l . On t h a t b a s i s , s l i g h t l y over 3% of t h e t e s t s a t t a i n e d t u rbulence beyond t h e w a l l r a d i u s , r. Discharge would have t o exceed 15 gpm from a n NX borehole. Most t u r b u l e n c e d i e s o u t w i t h i n two o r t h r e e r a d i i f o r t y p i c a l packer tests i n f r a c t u r e d rock. However, i t i s e v i d e n t t h a t packer t e s t s evalu a t e f r a c t u r e p r o p e r t i e s only c l o s e t o t h e h o l e - Baker (1955) found t h a t i n laminar flow 80% of t h e head i s d i s s i p a t e d w i t h i n a f o o t of t h e h o l e , even f o r a 1 mm a p e r t u r e . C l e a r l y t h e c h a r a c t e r i s t i c s of most f r a c t u r e s , being f i n e r , are t e s t e d t o a d i s t a n c e of a t most a r e w r a d i i .
.
PRESS i s t h e p r e s s u r e (pounds p e r square inch) recorded a t t h e s u r f a c e d u r i n g t e s t i n g .
I n no case h a s c a v i t y p r e s s u r e been recorded. Mundi and Wallace (1973) have d e s c r i b e d t h e equipment, t e c h n i q u e s , and methods of i n t e r p r e t a t i o n commonly employed i n p a c k e r -t e s t i n g f r a c t u r e d rock foundations. ment f o r p r e s s u r e measurement i s a Bourdon gauge, a mercury manometer, o r i n some cases, a i r p r e s s u r e over a r e s e r v o i r t a n k maintained by a r e g u l a t o r .
P r e c i s i o n i s u s u a l l y t o t h e n e a r e s t h a l f p s i w i t h c o l l a r p r e s s u r e s of 25, 50, o r sometimes 100 p s i .
The t y p i c a l f i e l d equip-
The n e t p r e s s u r e a t t h e test s e c t i o n can be computed I according t o t h e d i f f e r e n c e i n e l e v a t i o n of t h e ( s t a t i c ) water t a b l e and t h e ~ c o l l a r of t h e h o l e , less t h e e s t i m a t e d head l o s s e s i n t h e t y p i c a l d r i l l -s t r i n g and f i t t i n g s , a t t h e measured discharge. Rissler (1978) h a s examined t h e vari o u s components of head l o s s , i n c l u d i n g e n t r a n c e l o s s e s a t a s i n g l e f r a c t u r e .
I n a l l cases i n v o l v i n g tests i n a s e c t i o n a t s u c c e s s i v e l y h i g h e r p r e s s u r e s , t h e i ~ lowest p r e s s u r e test has been recorded because of t h e well-known n o n l i n e a r i t y d i s p l a y e d by f r a c t u r e s s u b j e c t t o p r o g r e s s i v e opening w i t h i n c r e a s e d p r e s s u r e .
Discharge can more r e a d i l y be s t a n d a r d i z e d t o a common p r e s s u r e , s a y 25 p s i n e t , i f a l l measures are taken a t low n e t p r e s s u r e s . Examples of s t a n d a r d i z at i o n are g i v e n i n Snow (1965 Snow ( , 1968a Snow ( , 1969b ). Many test s e c t i o n s become permea b l e o n l y a t high p r e s s u r e s ; i n response t o f r a c t u r e p a r t i n g .
These d i s t o r t e d measures have been avoided t o t h e f u l l e s t degree p o s s i b l e .

7.
SIZE i s t h e d r i l l hold diameter ( i n c h e s ) . Most are NX h o l e s
of 3-inch nominal diameter.
.
OB/DEP i s t h e i n c l i n e d depth ( f e e t ) t o t h e bottom of any overburden materials d i s c l o s e d i n t h e log.
These i n c l u d e younger formations covering t h e bedrock such as alluvium, blown sand, o r bedded sediments o v e r l y i n g a n unconformity.
Whereas t h e e x i s t i n g t o t a l stresses i n a rock mass would be r e l a t e d more c l o s e l y t o t h e t o t a l d e p t h below ground s u r f a c e , t a k i n g d e n s i t y v a r i a t i o n s i n t o account, t h e f r a ct u r e a p e r t u r e s and t h e r e f o r e p e r m e a b i l i t i e s are b e l i e v e d a s s o c i a t e d w i t h t h e minimum d e p t h d u r i n g t h e g e o l o g i c h i s t o r y of a site. The v e r t i c a l d e p t h below
t h e b a s e of overburden may be computed as a parameter a g a i n s t which such measu r e s as f r a c t u r e p e r m e a b i l i t y a r e compared.
d i r e c t l y t o t o t a l or e f f e c t i v e stress s i n c e t h e s u b s u r f a c e test l o c a t i o n s have n o t been r e l a t e d t o t h e topography and water t a b l e c o n f i g u r a t i o n . V a l l e y
s i t e s may be s u b j e c t t o V-notch stress c o n c e n t r a t i o n s and convergent, e f f l u e n t groundwater flow p a t t e r n s , c u r r e n t l y of unknown c h a r a c t e r a t each s i t e .
I n few cases do t h e d a t a relate such parameters as p e r m e a b i l i t y , p o r o s i t y , s p a c i n g s , and f r a c t u r e a p e r t u r e d i s t r i b u t i o n s . Table 1 l i s t s average p r o p e r t i e s f o r d e p t h zones a t each s i t e ( w i t h few e x c e p t i o n s ) , r e p o r t e d g r a p h i c a l l y elsewhere (Bianchi and Snow, 1969; Snow, 1968a Snow, , 1968b Snow, , 1969b . Because t h e e x p l o r a t i o n s i t e s on hard c r y s t a l l i n e f r a c t u r e d rocks r e p r e s e n t some 12 d i f f e r e n t rock t y p e s , t h e d a t a may be a p p l i - 1 . Summary of computed average p r o p e r t i e s of f r a c t u r e d rocks ( c o n t i n u e d ) .
c a b l e t o t h e e s t i m a t i o n of c o n d i t i o n s a t many p r o s p e c t i v e s i t e s and t o t h e p u r s u i t of new i n t e r p r e t a t i o n techniques.
Mid-depth below p e r m e a b i l i t y p o r o s i t y a p e r t u r e spacing, c u b i c Location overburden ( f t ) ( f t 2 > (microns) system ( f t ) La tr o be D a m s i t e, C a l i f o r n i a , 47 .
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